Introduction: The physiopathogenetic mechanisms possibly involved in sudden unexplained epileptic death (SUDEP), were investigated in the hemispherectomized rat. Methods: For this purpose, paroxysmal activity, vagal nerve firing, systemic blood pressure (BP), pulmonary artery pressure, and ECG were simultaneously recorded in an experimental animal model of epilepsy. Recordings were performed in basal conditions and during paroxysmal activity induced by topical application of penicillin-G at hypothalamic and mesencephalic level. During the experiment were also performed hemogas analysis and at end, samples of lung tissue were processed for histology. Results: Activation of hypothalamic (HEF) and mesencephalic (MEF) epileptic foci induced a significant increase of spontaneous vagal nerve firing that was strictly correlated to ECG impairments and hypotension. When paroxysmal activity extinguished, vagal nerve activity and cardiovascular parameters returned to basal conditions. However, in 25% of the animals, co-activation of HEF and MEF always triggered a vagal hypertone which was temporally correlated to cardiac arrhythmias, but also to hyperkalemia, acidosis, pulmonary hypertension and to animal death. Histological control in lungs of deceased animals showed an alveolar and perivessel oedema with an oedematous infiltration in the alveolar and bronchial spaces and mucous secretion. During ictal activity, comparison between survived and deceased animals showed significant differences in the incidence of ECG impairment of pulmonary artery pressures, pO 2 , and pCO 2 pressures, and [K
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Introduction
In people with chronic epilepsy, sudden unexplained epileptic death (SUDEP) is the most common cause of mortality related to seizures. [1] [2] [3] [4] [5] Evidence for epileptic seizures, immediately before death, is reported in 24-80% of the patients, however, a seizure always ended before death and, in the majority of the cases, patients recovered consciousness. [6] [7] Different physiopathological events contribute to SUDEP and its genesis is probably multifactorial since it includes cardiac arrhythmias, induced by epileptic seizures, 8 neurogenic pulmonary oedema, 9 respiratory failure 10 and asphyxia. 11 Cardiac arrhythmias, both during seizures and interictal activity, may result in heart failure caused by complete atria-ventricular conduction block. 12 Respiratory complications, such as obstruction of air pathways, central apnoea, neurogenic pulmonary oedema and metabolic impairments are probably only final events. 13 However, the precise role of these factors in the pathogenesis of SUDEP, has still to be clarified. Among the hypotheses it has been proposed the involvement of the autonomic nervous system, since seizures may be preceded by autonomic symptoms that are also evident during their evolution. [14] [15] [16] [17] This fact is probably dependent on propagation of electric activity to autonomic centres far from the epileptic focus. 18 The analysis of heart rate variability in humans, about 30 s before seizure begins, demonstrated a significant reduction of parasympathetic tone along with a significant increase of sympathetic activity. 19 Studies performed using the same experimental animal model, allowed to propose a plausible explanation of the electrocardiographic patterns observed during the epileptic attack. In particular, these studies demonstrated the existence of cardioarrhythmogenic triggers localized at hypothalamic, midbrain and hindbrain levels that, when activated by the epileptic foci, induce the appearance of cardiovascular impairments. 20, 21 These were characterized by sinus bradyarrhythmias, alterations of the repolarization and atria-ventricular blocks of different degree, as well as by a significant decrease of systolic pressure. [20] [21] [22] [23] However, when paroxysmal activity ended, cardiovascular alterations always disappeared. Therefore, with the animal supported by the artificial ventilation and without signs of metabolic derangement, the cardioarrhythmogenic triggers activation was not sufficient to explain SUDEP.
In a more recent paper we reported results of a study performed using the same experimental model of epilepsy, that analyzed the derangement of the autonomic system and its influence in life threatening arrhythmias, during paroxysmal activity. Results showed that during cardioarrhythmogenic triggers activation, the spontaneous vagal nerve activity significantly increases. This event triggers in turn the appearance of cardiac arrhythmias that become life threatening to a point to even induce animal death. However, this event only occurred when blood gases and electrolytic parameters were simultaneously impaired. 24 These experiments suggested that fatal evolution consequent to heart impairment, is probably related not only to a cardiac dysfunction of autonomic origin, but also to a concomitant metabolic derangement that shares, most likely, the same genesis. Notwithstanding artificial ventilation, 25% of the animals developed a slight acidosis, a significant reduction of bicarbonate concentration, a decrease of pO 2 and an increase of pCO 2 pressures. In a condition of vagal nerve super-sensitivity, the risk of cardiac arrest and the induction of cardio-respiratory reflexes which may strengthen bradyarrhythmias, must be considered. 25, 26 Aim of this study was to investigate in hemispherectomized rats, the existence of pulmonary complications during the activation of central cardioarrhythmogenic triggers that may help to explain, in this model of epilepsy, some aspects of the physiopathogenetic mechanisms that participate in SUDEP genesis.
Materials and methods
The experiments, authorized by the Italian Ministry of Health and the local Veterinary Public Health Service, were performed on Wistar rats (n = 57) of both sexes (250-400 g b.w.), which were submitted to ether anaesthesia throughout surgical preparation.
Surgical preparation
The animals were tracheotomized and cannulated for artificial ventilation. The vagal nerve of the right side was isolated at neck level, prepared for subsequent electrophysiological recordings and then protected with a warm solution of oil and paraffin (37 8C) . The right jugular vein was then isolated and a catheter was inserted up to the pulmonary artery to assess blood pressure (BP) changes throughout the experiment. Left femoral artery was also cannulated for systemic arterial blood pressure recordings and blood samples withdrawal.
Animals were then fixed in prone position to a stereotaxic frame, craniotomized and laminectomized at C 1 -C 2 levels, the operatory wounds being injected with xylocaine (0.3%) every 30 min, throughout the experiment. The olfactory lobes and brain hemispheres were removed by suction to exclude their involvement in the genesis of paroxysmal activity and to expose the thalamus and the quadrigeminal lamina. 20 A paraffin wall was built around the thalamus and quadrigeminal lamina to protect the anterior and lateral surfaces of the diencephalon and the lateral and caudal part of the mesencephalon, but even to avoid the spread of penicillin-G solution to the surrounding structures. The exposed surfaces were protected with a small patch of fibrin sponge soaked with warm mineral oil (37 8C).
The ether anaesthesia was then stopped, the animals paralysed with Pavulon (pancuronium bromide, 0.02 mg/kg À1 ) and artificially ventilated.
Blood gas analysis
Blood gas analysis was performed using an ABL-700 analyzer (sample: 95-195 ml), and the following parameters were measured: partial O 2 and CO 2 pressures, bicarbonate, sodium, potassium and Hb concentrations, pH value, O 2 % saturation and bases excess (AEBE). Analysis was performed in basal conditions and repeated every 40 min throughout the experiment, since the beginning of a clear paroxysmal activity in the electrothalamogram recordings. To evaluate the spontaneous evolution metabolic derangements that developed during the course of the experiment, were not purposely adjusted. Body temperature was instead kept constant at 37 AE 1.5 8C using a heating pad coupled with a rectal probe.
Respiratory parameters
In the animals, artificially ventilated, main respiratory parameters were 2.5-4 cc for tidal volume, and 50 strokes/min for breathing frequency.
Epileptic foci
The epileptic foci were simultaneously induced at hypothalamic (Hypothalamic Epileptic Focus: HEF) and mesencephalic (Mesencephalic Epileptic Focus: MEF) levels. A solution of sodium penicillin-G (1-1.5 ml, 500.000 I.U./ml, buffered with Tris to pH 7.35-7.45), was carefully dropped inside the paraffin well built on the exposed thalamic and mesencephalic surfaces, (mineral oil being previously removed). Penicillin-G contamination of more caudal structures was avoided by topical application of a buffered solution of penicillinase. This bacterial enzyme catalyses the hydrolysis of the penicillin-G lactam ring, causing the disappearance of epileptogenic activity of this drug. 27 Two different patterns of epileptogenic activity were considered: interictal and ictal. 28, 29 The first is characterized by recurrent single bursts (each lasting 80-120 ms) spaced by silent periods, while the second by longer lasting periods of paroxysmal activity (1-1.5 min). Previous reports in which it has been utilized the same model of experimental epilepsy, describe in details the electrophysiological features of these patterns of paroxysmal activity.
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Recordings
All the recordings were simultaneously acquired and performed in basal conditions, i.e. before penicillin-G application, immediately after and every 10 min during paroxysmal activity until the end of the experiment. Bioelectrical signals were sent after A/D conversion to a computer, but also stored on a magnetic tape for later off line analysis. Electrothalamogram, spontaneous firing of hypothalamic neurons and vagal nerve fibers, and ECG signals, were analyzed using a specific software (Tecfen computerscope analysis ISC-16).
Hypothalamic neurons activity
The spontaneous electrical activity of hypothalamic neurons was extracellularly recorded 20 using tungsten in glass microelectrodes (700-900 kV), which were advanced to the recording point using a David Kopf micro driver ( Fig. 1.(1) ). Bioelectrical signals were sent to a conventional preamplifier and then after A/D conversion to the computer that converted single spikes into standard pulses for the analysis of cumulative frequency distribution.
Electrothalamogram (ETG)
Multiunit spontaneous activity of thalamic neurons was recorded from the thalamic surface using a pair of silver ball electrodes which were carefully positioned on the pia. The ETG signals were sent to a conventional preamplifier and then fed to another channel of the computer ( Fig. 1 . (2)). The analysis of temporal correlation between ETG waves and deeper diencephalic activity was performed.
Multiunit vagal nerve fibers spontaneous activity (MUAV)
The spontaneous firing of vagal nerve fibers was recorded using tungsten in glass microelectrodes (700-900 KV), which were carefully inserted inside the nerve trunk using a micro driver (David Kopf).
Multiunit electrical activity of vagal fibers (MUAV) was sent to a conventional preamplifier and then to a third channel of the computer for the analysis ( Fig.  1 . (3)).
Systemic arterial blood pressure
Blood pressure was recorded from the femoral artery using a Statham pressure transducer connected to a Soxil device (model 3271). Recordings were continuously charted by a Grass polygraph (7P5 and 7DA).
Pulmonary artery blood pressure
Pulmonary artery pressure was recorded using a Statham pressure transducer connected to a Simens device (Sirecust 961 model) that allowed to monitor and chart its time course during the experiment.
ECG recordings
A dynamic ECG according Holter, was recorded throughout the experiment using subcutaneous needle electrodes. Electrocardiographic signals were also sent to a conventional preamplifier and then fed to a fourth channel of the computer for the analysis ( Fig. 1 . (4)) and the evaluation of temporal correlations of electrocardiographic specific events with ETG (Figs. 3 and 4) and vagal activity (Figs. 1. (3-4) ). Furthermore, the I, II and III ECG limb leads were recorded using a Grass 7P5 and 7DA polygraph.
Statistical analysis
Data were analyzed using the specific software Systat version 10. Standard descriptive statistic were used to generate mean and standard deviations. Changes over time of the variables were analyzed using paired t-test, while unpaired t-tests was used to test the differences, for the analyzed parameters, between survived and deceased animals.
For each parameter the values during basal, intertical and ictal activities, were compared using the analysis of variance (ANOVA), while chi-square analysis (x 2 ) was used to test significance of difference of arrhythmic events during ictal activity in survived and deceased animals. Regression analysis and Pearson correlation were also calculated to assess associations between variables. 30 
Histological procedures
At the end of the experiment an electrolytic lesion (20 mA, 10 s, negative current) marked the recording site for subsequent histological control. The animal was then sacrificed with a barbiturate overdose, the brain removed, fixed in Carnoy's solution, embedded in paraffin, and the sections (40 mm thickness) Nissl stained. Lungs were also removed and fixed in 10% formalin solution and sections prepared for hematoxylin-eosin staining.
Results
In agreement to what reported in a previous study, 23 topical application of penicillin-G onto the thalamic and mesencephalic surfaces induced, in hemispherectomized rats, the appearance of paroxysmal activity at hypothalamic level (Fig. 1B.(1) ). Hypothalamic epileptic bursts were temporally 278 O. Mameli et al. correlated to the negatives waves recorded from the thalamic surface 24 and therefore these latter were taken as evidence of a stabilized paroxysmal activity at hypothalamic level (Fig. 1B.(2) ).
Fifty minutes after penicillin-G application, ETG recordings showed a well-organized paroxysmal activity which was characterized by an interictal pattern, temporally correlated to the hypothalamic bursts (Figs. 1B.(1-2) ), and by a significant increase of vagal nerve firing in comparison to basal conditions (paired t-test; p < 0.01). One hundred and twenty minutes after penicillin-G application, ictal activity further developed along with that of vagal nerve. In basal conditions (Fig. 1A.(3) ), MUAV was characterized by a tonic firing that significantly increased (paired t-test; p < 0.005; Fig. 1B.(3) ) in temporal correlation with paroxysmal activity of hypothalamic and mesencephalic foci. Vagal nerve firing increases always followed, within a short latency, the paroxysmal activity of the epileptic foci, to return to basal conditions concomitantly to its extinction. Paroxysmal activity and vagal nerve firing were strictly correlated ( Fig. 2A) , as also were vagal nerve firing and ECG impairments (Fig. 2B) .
The activation of cerebral cardioarrhythmogenic triggers, and the marked increase of vagal activity, induced the appearance of ECG impairments such as: wandering pacemaker, biphasic or negative P waves, extrasystolia, A-V blocks, derangement of A-V conduction and recovery phase, branch blocks, bradyarrhythmias, flattened Twaves and alterations of blood pressure values. These observations agree with results of our previous studies that documented in details the temporal correlation between paroxysmal activity and cardiovascular impairments, their specific features, and the neurogenic origin of the phenomena. [20] [21] [22] [23] [24] In fact, during paroxysmal hypothalamic activity the cardiac and hemodynamic derangement appeared without any metabolic complication and within a short latency, showing therefore their neurogenic origin. Two examples are shown in Figs. 1 and 3 .
However, when bradyarrhythmia was well evident, ECG signals were often concomitantly and significantly increased in voltage (paired t-test; p < 0.01), this observation suggesting a possible increase of cardiac inotropism (Figs. 3B-D) . In no case, throughout the experiment ever appeared significant changes of hemogas parameters.
During paroxysmal activity, recordings of pulmonary artery blood pressure showed a slight but not significant change in comparison to its basal value.
Notwithstanding all the animals showed the same pattern of interictal and ictal activities and a similar vagal hypertone, 16% (n = 7) of the survived animals, not only did not show any derangement of metabolic parameters and pulmonary blood pressure but even the systemic pressure and the cardiac rhythm remained unmodified in comparison to basal conditions (Fig. 4) . However, ECG recordings often showed in this group a significant voltage increase (paired t-test; p < 0.01) of atrial and ventricular ECG complexes suggesting, even in this case, a possible increase of cardiac inotropism (Fig. 4B  and C) .
In all survived animals (n = 43) at the end of paroxysmal activity, vagal nerve firing and cardiovascular parameters returned to their respective basal values. Four hours after the appearance of paroxysmal activity all survived animals were Sudden death in experimental epilepsy 279 sacrificed, macroscopic and microscopic examinations of their lungs never showing relevant alterations of pulmonary parenchyma, pulmonary vessels and/or bronchial tree.
Deceased animals
In approximately 25% of deceased animals (n = 14), interictal and ictal activities showed similar electrophysiological features as well as a time course that overlapped the one observed in survived animals. Similarly, the spontaneous vagal nerve activity showed a comparable trend of that observed in the survived animals. However, in agreement to what reported in a previous study, 24 the occurrence of cardiac arrhythmias and metabolic derangement in this group of animals, was always followed by their death which occurred during ictal activity, 3-4 h after the beginning of paroxysmal activity. Tables reported in Fig. 5A show the mean AE standard deviations of a number of metabolic (Na + , K + , HCO 3 S , pH, pO 2 , pCO 2 , Hb), cardiovascular (heart rate, pulmonary artery pressure, systemic pressures) and bioelectrical (MUAV, HEF-MEF) parameters, acquired in basal conditions and during interictal and ictal activities. Statistical significance of differences for each parameter (ANOVA), among the three conditions is also shown. During ictal activity furthermore, vagal nerve firing was significantly correlated (r = 0.645) to the plasmatic potassium concentration increase (Fig. 5B) .
Electrocardiographic recordings showed atrial bradyarrhythmias at variable conduction, sinus atria blocks of different degree, worsening of A-V conduction, S-T depression and T waves of high voltage and short duration.
Recordings of systemic blood pressures showed a significant reduction of systolic and diastolic values in comparison to their basal values while pulmonary artery pressures values underwent to a significant increase. The latter in particular in concomitance to interictal activity, reached a mean increase of about 20% of its basal value. Moreover, the appearance of ictal activity determined in all animals and in temporal correlation a further significant increase (50%) of pulmonary artery pressure. Fig. 6A -C shows three specimens relative to the typical trend of the pulmonary artery pressure during the experiment in an animal of this group.
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O. Mameli et al. At the end of the experiment, post-mortem macroscopic control of the lungs, showed in no case relevant alterations. Histological preparations showed instead a slight alveolar and perivessel oedema in the sub-interstitial spaces of the arterial vessels and a concomitant oedematous infiltration in the alveolar and bronchial spaces (Fig. 7A and B) . Finally, the bronchial tree was filled with considerable intraluminal mucous secretion (Fig. 7C) .
Comparison among survived and deceased animals
The comparison among survived and deceased animals was performed at corresponding times after the appearance of paroxysmal activity. All survived animals were pooled and compared to the deceased animals (paired t-test). As shown in Table 1A , there were not differences between basal conditions in the two groups. This was also true with regard to the activity of HEF and MEF and vagal nerve firing during interictal and ictal activities. Significant differences between the groups were instead found relatively to the effects induced on the majority of the parameters by the activation of the cardioarrhythmogenic triggers (Table 1B-C). During ictal activity significant differences were in fact observed relatively to HR, systolic and diastolic pressures, pulmonary artery pressure, K + and HCO 3 À concentrations, pH values, as well as pO 2 and pCO 2 pressures (Fig. 8) .
With regard to the patterns of ECG impairment that characterized deceased and survived animals, during interictal activity there were not significant differences. However, chi square test showed during ictal activity a significant difference with regard to the incidence of sinus-atria blocks, bundle branch blocks and T wave impairments (Table 1D) .
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Discussion
Results confirm previous findings that demonstrated in hemispherectomized rats a significant impairment of vagal nerve activity following paroxysmal activation of specific cardioarrhythmogenic triggers, localized at hypothalamic and mesencephalic levels. 24 Moreover, observations performed in the group of the deceased animals demonstrated that cardiac arrhythmias became life threatening only when animals concomitantly developed a severe metabolic impairment, which was basically represented by a temporary increase of plasma potassium concentration, metabolic acidosis and both hypoxia and hypercapnia (Fig. 9) .
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O. Mameli et al. It is easy to speculate, as it is suggested by some ECG events, that during paroxysmal activity, these animals, together with a parasympathetic hypertone also developed a concomitant functional imbalance of the orthosympathetic division. In fact, when paroxysmal activity began, despite the fact that vagal activity significantly increased and a corresponding bradycardia was expected, heart rate remained around its basal values, sometime even showing a tendency to increase. Under the same circumstances, concomitantly appeared supraventricular and ventricular extrasystoles and ventricular complexes of high voltage, that also strongly suggest an orthosympathetic involvement. For sodium (Na + ), potassium (K + ), bicarbonate (HCO 3 S ), and pH the values are expressed as mEq/L. For haemoglobin (Hb) values are espressed in g% ml. For pO 2 and pCO 2 pressures in mmHg. And for heart rate (HR) in beats/min. Arterial systolic (ASP), arterial diastolic pressure (ADP) and pulmonary arterial pressures (PAP) are espressed in mmHg. Multiunit vagal nerve firing (MUAV) and cardioarrhythmogenic triggers acrivity (HEF-MEF) are expressed as number of spikes/s. Statistical significance of differences (paired t-test) between the two groups is also shown. Values in (D) refer to the percentage of arrhythmic events during ictal activity observed in the group of deceased and survived animals. SAB: sinus-atria blocks; AVB: atria-ventricular blocks; BB: bundle blocks; SVEB: supraventricular ectopic beats; VEB: ventricular ectopic beats; S-T: impairments of S-T segment and T: T wave impairments. Figure 8 Histograms showing hemodynamic and hemogas parameters along with the statistical significance of differences in surviving and deceased animals observed in basal conditions, during interictal and ictal activities. HR: heart rate (beat/min); ASP: arterial systolic pressure (mmHg); ADP: arterial diastolic pressure (mmHg); PAP: pulmonary In some animals, however, at the beginning of the seizure, it was detected a moderate heart rate increase and the appearance of sharpened T waves, which were subsequently followed by bradycardias, and by an increase of QRS complexes voltage. All these events are also evidences of an increased orthosympathetic activity. Finally, in some animals, HEF and MEF activation did not trigger any impairment of heart rate or rhythm but they rather induced a significant voltage increase of atria and ventricular ECG waves.
In a previous report, 24 it has been proposed a detailed interpretation of these data that can be resumed as follows: at the beginning of the epileptic attack it is possible that orthosympathetic discharge significantly increases its activity to counterbalance the parasympathetic action on heart rate and inotropism. The ventricular extra-systoles observed under these conditions are a further indirect evidence of this simultaneous increase of orthosympathetic activity. In agreement with this hypothesis, in humans, during the epileptic attack it has been frequently observed tachycardia that is most likely induced by the orthosympathetic imbalance that usually occurs during seizures. 31 Our observations are also confirmed in humans by several Authors, who described a concomitance between temporal epileptic seizures and heart rate increase. [32] [33] [34] [35] [36] [37] [38] During epileptic attack it has been repeatedly demonstrated both in animals as well as in humans a significant increase of circulating epinephrine to potentially arrhythmogenic concentrations [39] [40] [41] 11 As it is well known, at peripheral level, high epinephrine levels may activate alpha-membrane receptors, responsible for potassium membrane permeability, with a consequent cellular depletion of potassium that generates a concomitant plasmatic increase. 42 As hypothesized in the previous report, 24 this condition may worsen vagus-mediated cardiac bradyarrhythmias and determine their evolution in life threatening arrhythmias with consequent animal death. The short latency of hyperkalemia observed in the deceased animals seems to support the hypothesis of a neurogenic origin of the phenomenon, as it is also shown by the positive correlation between the appearance of ictal activity and hyperkalemia.
In deceased animals, notwithstanding artificial ventilation, hemogas analysis showed a significant decrease of pO 2 pressure, this observation being in agreement with the histological patterns of their lungs. In all animals of this group it was in fact evident a perivessel oedema, an oedematous infiltration inside the alveolar and bronchial lumen and intraluminal mucous secretion in the bronchial tree. This pattern was most likely determined by a condition of pulmonary hypertension concomitant to paroxysmal activity and parasympathetic overflow. A possible explanation of this observation is that at the level of the respiratory apparatus, the paroxysmal activity by triggering an increase of parasympathetic tone, induces bronchus-constriction and increases the mucous secretion. The reduction of bronchial tree diameter determines in turn a reduction of alveolar ventilation with a consequent fall of pO 2 pressure , as confirmed by hemogas data. On the other hand, it is well known that pO 2 pressure reduction determines a reflex constriction of the pulmonary vessels. Although the mechanism of this phenomenon is still unknown, it is possible that it is induced by a local reflex, which functional significance is to shunt blood flow from hypo-ventilated to normal-ventilated zones. In the deceased animals, the parasympathetic hypertone prejudiced the normal ventilation of the pulmonary parenchyma even though the animals were artificially ventilated. It also has to be pointed out that respiratory parameters were purposely maintained consistent throughout the experiments with those evaluated in basal condition in each animal. The parasympathetic hypertone determined therefore a hypoxic condition that probably extended to the whole lung and in turn caused a reflex vessel-constriction and pulmonary hypertension, as confirmed by pulmonary artery blood pressure recordings. Pulmonary hypertension then justifies the perivessel oedema and the oedematous infiltration in the alveolar and bronchial spaces observed in the histological preparations.
Disruption of the pulmonary function has been repeatedly reported, both in animal and human epilepsy [43] [44] [45] [46] [47] [48] [49] to worsen, together with metabolic impairment, neurogenic arrhythmias which, when considered alone, are usually insufficient to cause animal death.
In conclusion, the experiments show that a neurogenic trigger could be responsible of sudden unexpected death when it simultaneously disrupts both cardio-pulmonary and metabolic functions. In the experimental model we set sudden death occurred in fact only when there was the concomitance of both circumstances.
However, it is not yet clear why notwithstanding the same experimental protocol was applied to all animals, only some developed clinical symptoms so severe that survival was unfailingly compromised. Since paroxysmal activity involved the same cerebral structures, it seems difficult to hypothesize that the activation of a fatal trigger responsible for animal death, acts only in some animals. A more convincing hypothesis to explain this observation, could be the existence of animals characterized by a ''low threshold of excitability'', whose central structures were unable, during epileptic seizure, to maintain a balanced ratio between sympathetic and parasympathetic activities. This hypothesis agrees with results obtained in a model of SUDEP studied in the sheep, where Authors were unable to demonstrate any qualitative and/or quantitative differences of EEG features of epileptic animals that died respect to those that survived. This was also true for plasmatic catecholamins and potassium concentrations, the only significant difference being represented by pulmonary ventilation. 11 Finally, extending the above considerations to human epilepsy, it is possible that also in human beings exist ''low threshold subjects''. In these subjects cardioarrhythmogenic triggers, activated by HEF and MEF, may represent the final common pathway of a storm of signals originated at the level of the cortical epileptic focus. In fact, the extensive neural connections, originated in the cerebral cortex, particularly in frontal and temporal lobes, converge on hypothalamic and brain stem structures. 50, 51 Therefore, it cannot be excluded that under certain circumstances the cortical signals activate the arrhythmogenic triggers simultaneously inducing cardio-pulmonary and metabolic impairments that, in these particular ''low threshold subjects'', may result in a sudden death.
